A manufacturing strategy is a critical component of the firm's corporate and business strategies, comprising a set of well-coordinated objectives and action programs aimed at securing a long-term, sustainable advantage over the firm's competitors. A manufacturing strategy should be consistent with the firm's corporate and business strategies, as well as with the other managerial functional strategies. We present a process and a structured methodology for designing such a manufacturing strategy. This methodology has been successfully tested in actual manufacturing environments.
Introduction
For most industrial companies, the manufacturing operation is the largest, the most complex, and the most difficult-to-manage component of the firm.
Because of this complexity, it is essential for firms to have a comprehensive manufacturing strategy to aid in organizing and managing the firm's manufacturing system. This paper provides a process and a structured methodology for conceptualizing and formulating a manufacturing strategy.
The manufacturing strategy cannot be formed in a vacuum; it affects and is affected by many organizations inside and outside the firm. Because of the interrelationships among the firm's manufacturing unit, the firm's divisions and other functions, and the firm's competitors and markets, it is necessary to carry the process of manufacturing-strategy design beyond the borders of the manufacturing organization in a single firm. Figure 1 .1 illustrates the extent of these interrelationships and emphasizes the two basic types of interactions that must be considered for manufacturing-strategy design. First, in developing and implementing the manufacturing strategy, the manufacturing function must work in concert with the finance, marketing, engineering and R&D, personnel, and purchasing functions. Cooperation and consistency of overall objectives are the keys to success in these types of interactions. Second, manufacturing strategy design requires careful monitoring of the markets external to the firm in conjunction with the aforementioned functional groups within the firm. For example, manufacturing managers, in conjunction with the engineering group, may monitor developments in the electronics industry so that they are aware of new applications of electronics to process technology in their industry.
Similarly, manufacturing, in conjunction with marketing, monitors the product markets in which they compete so they are aware of the product improvements and product introductions of their competitors.
These observations suggest the necessary elements of manufacturing strategy line of thought, we begin (in Section 2) with a brief discussion of the corporate strategic planning process and some of the conceptual issues that are important for manufacturing strategy design. Our principal contributions are in Sections 3 and 4 where we define and elaborate on the major strategic decision categories in manufacturing and provide a highly structured, and successfully tested, methodology for manufacturing strategy design. Section 5 contains a brief conclusion.
The Corporate Strategic Planning Process
A strategy can be either articulated formally, with the help of a structured planning process, or stated implicitly by the actions of the various managers within the firm. Our objective is to describe how a formal manufacturing strategy can be developed. First, we feel it is important to discuss the overall corporate strategic planning process, the roles of the corporate, business, and functional managers in that process, and a number of factors that affect the allocation among those managers of manufacturing decision-making responsibility. This brief background will help to provide an understanding on how the design of a manufacturing strategy fits within the corporate process.
A Formal Strategic Planning Process
The essence of strategy is to achieve a long-term sustainable advantage over the firm's competitors in every business in which the firm chooses to participate.
The corporate strategic planning process is a disciplined and well-defined organizational effort aimed at the complete specification of corporate strategy.
It identifies all the major tasks to be addressed in setting up corporate strategy and the sequence in which they must be completed. The specific characteristics of the planning process to be adopted by a firm depend on the degree of complexity of the firm's businesses, its organizational structure, and its internal culture. However, it is useful to recognize some fundamental tasks that can guide the strategic planning process of most firms. These tasks, described briefly in Figure 2 .1, address the three basic hierarchical levels of the firm: the corporate, business, and functional levels. (For a comprehensive discussion of this subject, the reader is referred to Majluf [1984a,1984b] .)
The first task at the corporate level is to provide a general direction to the firm by articulating the vision of the firm. This task involves selecting the domains in which the firm will compete (the identification of the strategic business units and their interactions), establishing the firm's mission (the determination of product, market, and geographical scopes, as well
1. The vision of the firm: corporate philosophy, mission of the firm, and identification of strategic business units (SBUs) and their interactions. 2. Strategic posture and planning guidelines: corporate strategic thrusts, corporate performance objectives, and planning challenges. 3. The mission of the business: business scope, and identification of productmarket segments. 4. Formulation of business strategy and broad action programs. 5. Formulation of functional strategy: Participation in business planning, concurrence or non-concurrence to business strategy proposals, broad action programs. 6. Consolidation of business and functional strategies. 7. Definition and evaluation of specific action programs at the business level. 8. Definition and evaluation of specific action programs at the functional level. 9. Resource allocation and definition of performance measurements for management control. 10. Budgeting at the business level. 1. Budgeting at the functional level. 12. Budgeting consolidations, and approval of strategic and operational funds. The second major task at the corporate level (task 2 in Figure 2 .1) is to translate the broad and permanent statements inherent to the vision of the firm into pragmatic and concrete guidelines and challenges for the development of strategic proposals at the business and functional levels. This task is accomplished by means of the corporate strategic thrusts (the primary issues the firm must address in the next three to five years to establish a strong competitive position in its key businesses), the planning challenges (the responsibilities of key personnel who must respond to each strategic thrust), and the corporate performance objectives (quantitative measures for the overall performance of the firm).
The corporate level also has the responsibility for managing the portfolio of the firm's businesses. This responsibility includes the validation, consolidation, and sanctioning of the business and functional proposals for strategies, programs, and budgets. In these activities, tasks 6, 9, and 12 in the corporate planning process (illustrated in Figure 2 .1), priorities are assigned and resources are allocated among the various businesses.
At the business level, managers must prescribe the mission of the business (a detailed statement of the product, market, and geographcal scope for the various business segments as well as the identification of unique competencies at the business level) and spell out the business strategies, programs, and budgets necessary to achieve competitive superiority. These activities are identified as tasks 3, 4, 7, and 10 in Figure 2 .1. (Kaplan [1983 (Kaplan [ ,1984 Within a business unit, the functional manufacturing managers will usually have significant control over production planning and scheduling, materials management, and some other infrastructure decisions. Decisions on technology and human resources will also be primarily the responsibility of functional manufacturing managers, but this will depend on the degree of decentralization in the business unit. Business unit managers generally keep significant control over capacity, vendor relations, quality, new product introductions, and vertical integration decisions, regardless of the degree of decentralization.
The second major factor that affects the allocation of responsibility is whether the dominant manufacturing focus in the organization is product focus or process focus. Hayes and Schmenner [1978] describe the product-focused organization as one with many "plant with staff" suborganizations: each plant is set up as a profit center and is responsible for a set of products. Productfocused organizations are flexible and fast-reacting. This structure tends to be better suited for organizations that have a low capital intensity, that have little opportunity for manufacturing economies of scale, that need flexibility and innovativeness, and that have a dominant orientation to a single market or consumer group, rather than to a technology or material. Process-focused organizations tend to have a series of plants, each of which adds value to the final product (see Figure 2 .
2). Plants in process-focused organizations tend
to require large capital investments, tend to be relatively inflexible to changes in product mix or product volume, tend to be run as cost centers, and tend to have high central overhead costs. In product-focused organizations, the functional manufacturing managers (e.g., the plant managers) tend to have responsibility over a wide range of decisions. They tend not to be inhibited by a large business unit staff.
Product-Focused Organization
Functional manufacturing managers in process-focused organizations have a much narrower range of authority. Process-focused plants are coordinated by the business unit management.
The third factor that affects the allocation of manufacturing decisionmaking power is the industry and competitive environment in which the firm operates. The standard approach to industry and competitive structure (Porter [1980] ) analyzes potential entrants, buyers, suppliers, substitutes, and rivalry among firms to develop an understanding of the environment. For our purposes, one only needs to determine the extent to which the firm competes with market power (i.e., large scale, low costs) or flexibility and innovation.
In the former case, centralization tends to be the required organizational mode and relatively more decision-making power resides with the corporate managers.
In the latter case, decentralization is essential for rapid responses to changing environments, so that business unit managers and, especially, functional manufacturing managers make most of the important decisions.
The final factor that affects the allocation of manufacturing decision responsibilities is the individual firm's set of competitive strengths. If a firm's success is tied to a top-notch corporate R&D lab, whose innovations are sent out to the divisions to be made marketable, then the corporate managers will tend to have much influence over new product development and perhaps technology choice. In such a case, the business unit managers can retain power over other decision areas without damage to the firm's competitive strengths.
If the firm's comparative advantage comes from low costs due to scale economies, efficient plant design, and shared experience, then corporate managers will generally control the decisions relating to facilities, capacity, product design, technology choice, and purchasing, while the business unit and manufacturing managers will control the operating level decisions. If the firm's strength is in its ability to respond rapidly to new competitors and new products, then business unit and functional manufacturing managers are likely to have much control over decisions on capacity, technologies, new products, quality, human resources, vendor relations, production planning, and materials management. If a large corporate bureaucracy were in control of these decisions, the firm would be unable to mount rapid responses to various challenges.
Thus, we have seen that organizational structure, product or process focus, industry and competitive structure, and the firm's competitive strengths each play a role in the allocation of decision-making responsibilities in the firm.
The Strategic Decision Categories in Manufacturing
A manufacturing strategy must be comprehensive in the sense that it should provide guidelines for addressing the many facets of manufacturing decisionmaking. At the same time, the complex web of decisions required in manufacturing management must be broken down into analyzable pieces. Nine strategic decision categories provide a comprehensive coverage of the broad set of issues that must be addressed by a manufacturing strategy while dividing the manufacturing decision-making task into small, easy-to-analyze pieces.
These nine strategic decision categories are facilities, capacity, vertical integration, processes/technologies, scope/new products, human resources, quality, infrastructure, and vendor relations. Facilities decisions are the classic example of long-term, "cash-in-concrete" manufacturing decisions. A key step in facilities policy-making for a multifacility organization is choosing how to specialize or focus each facility.
Facilities may be focused by geography, product groups, process types, volumes, or stage in the product life cycle.
In any given industry, such facilities-focus decisions usually depend on the economics of production and distribution for that industry. Developing a well-thought-out facility focus strategy automatically provides guidance to the firm in other facilities decisions such as determining the size, location, and capabilities of each facility.
Capacity
Capacity decisions are highly interconnected with facility decisions.
Capacity is determined by the plant, equipment, and human capital that is currently under management by the firm. Important capacity decisions include how to deal with cyclical demand (e.g. by holding "excess" capacity, by holding seasonal inventories, by peak-load pricing, by subcontracting, etc.), whether to add capacity in anticipation of future demand (aggressive, flexible approach) or in response to existing demand (conservative, low-cost approach), and how to use capacity decisions to affect the capacity decisions of one's competitors.
Vertical Integration
Operations managers are directly affected by vertical integration decisions because they are responsible for the task of coordinating the larger and more complex integrated system that usually results from vertical integration. The decision to vertically integrate involves the replacement of a market mechanism over which the operations managers have limited control by an internal, non-market mechanism that is the sole responsibility of the managers in the firm. Before making such a decision, a firm must assure itself that it has the capability of designing and controlling such a non-market mechanism that will be more efficient than the market it replaces.
Important issues related to vertical integration include the cost of the business to be acquired or entered, the degree of supplier reliability in the important factors of production, whether the product or process to be brought in-house is proprietary to the firm, and the relative transaction costs (Williamson [1975] ) related to contracting through market or non-market mechanisms. Other important issues are the impact of integration on the risk, product quality, cost structure, and degree of focus of the firm.
Legal ownership of the series of productive processes may not be the key element that determines the benefits of having integrated processes. Toyota
Motor Company in Japan plays a very large role in directing the operations of its legally independent suppliers. Toyota gets the benefits of lower transaction
costs (through what Porter [1980] calls a "quasi-integrated" market mechanism)
because they coordinate the production of independently owned suppliers with the just-in-time system. The success of this system raises the question of whether the crucial element for success of integrated operations is ownership of the series of productive processes or management and coordination of the processes.
Processes/Technologies
The traditional approach to process choice has been to identify the principal generic process types (project, job shop, assembly line, continuous flow) and to choose among them for the production task at hand by matching product characteristics with process characteristics. (See, for example, Marshall et al. [1975] and Hayes and Wheelwright [1979] .)
Although crude, this framework is quite useful for conceptualizing some important tradeoffs in process choice. Relative to assembly lines, job shops tend to use more general purpose machines and higher skilled labor, provide more product flexibility, and yield higher unit production costs.
Recent innovations in computer-aided design (CAD), computer-aided manufacturing (CAM), robotics, and flexible manufacturing systems have added more complexity to technology decision problems. New highly-automated factories can be extremely expensive (e.g., see Bylinsky [1983] about Deere's $500 million factory in Waterloo, Iowa and GE's $300 million improvement in a factory in Erie, Pennsylvania). Many firms decide to invest in these new technologies because they believe their survival depends on it. Traditional financial and accounting evaluation tools are often unable to capture all of the benefits that can be attributed to the installation of these systems. Because of these shortcomings, thorough strategic analysis is required to properly evaluate these investment choices.
Scope/New Products
The degree of difficulty of the manufacturing management task is influenced strongly by the scope or range of products and processes with which the manufacturing organization must be proficient (Skinner [1974] ), as well as the rate of new product introductions into the manufacturing organization. In well-run manufacturing organizations, the manufacturing management must have significant input into product scope and new product decisions. Firms in environments that demand rapid and frequent product introductions or broad product lines must design flexible, responsive, efficient manufacturing organizations, must have product designers who have intimate knowledge of the effects of product design on the demands put on manufacturing, and must have good communication among design, marketing, and manufacturing.
Human Resources
Many students of management believe that the most important and the most difficult-to-manage assets of a firm are the human assets. (See, for example, Peters and Waterman [1983] .) The principal issues in human resource management are incentives and compensation, investment in human capital, labor union relations, hiring or screening policies, tenure policies, and job design. The principal challenge in human resource management is to design a set of policies that motivate and stimulate employees to work as a team to achieve the mission of the firm.
The design of such a set of policies can be quite complex. For example, with respect to incentives and compensation, a firm must decide whether to compensate its people as a function of hours worked, quantity or quality of output, seniority, skill levels, effort expended, loyalty, etc. Informational asymmetries (e.g. skill levels or effort levels are not costlessly observable by management) complicate the matter because the firm can only base compensation on observable measures. Aside from pecuniary compensation, employees often are rewarded with perquisites (such as cars or loans), training (human capital investments by the firm), employment guarantees, recognition for achievement, promotions to better jobs, etc. A well-thought-out incentive system will consist of a combination of these elements that promote quality, efficiency, and employee satisfaction.
uality Management
Quality topics can be divided usefully into the categories of design quality and conformance quality. Although manufacturing managers should be involved in some degree with design quality (especially with respect to the design for manufacturability issue), conformance quality is the area where manufacturing managers play a most crucial role.
Three important issues related to managing for conformance quality are quality measurement, economic justification of quality improvements, and allocation of responsibility for quality. The two principal tools of quality measurement are statistical quality control (SQC) and cost of quality (COQ). Since both of these topics are well-covered elsewhere (SQC in Grant and Leavenworth [1980] , and Burr [1976 Burr [ ,1979 ; COQ in Juran [1974] , and Juran and Gryna [1980] ), we will not elaborate on them here.
Economic justification of quality improvements is a difficult and controversial subject. (See Fine [1983] for a discussion of the controversy.) Cost of quality accounting, the only economic tool that is widely used to evaluate quality projects or quality improvement programs, has two severe drawbacks. First, COQ ignores revenue effects of quality such as market share benefits and price premia for high quality products. Second, it emphasizes short-term cost effects without consideration of the long-term consequences of quality decisions. (See 7ine [1983] for a model that demonstrates one aspects of this shortcoming and allows for long-term effects.) A system for measuring revenue effects of quality as well as cost effects is needed for sound economic decision making in the quality area. We know of no instances where measurement of the revenue effects of quality has been attempted.
Responsibility for product quality has traditionally resided in the quality assurance or quality control organization in the firm. (See, e.g. Juran [1974] .)
Recently (Deming [1983] , Schonberger [1982] ), this viewpoint has been challenged by the school of thought that each worker in the organization should be responsible for the quality of his or her work. Implementing this proposal would require a significant change in many companies where hourly workers are not expected to exercise judgment on the job. Where implemented successfully, this corporate cultural regime has proven to be very efficient (Schonberger [1982] ).
Manufacturing Infrastructure
To support decision making and implementation in the manufacturing function, it is essential to have a solid organizational infrastructure. As a part of this infrastructure, planning and control systems, operating policies, and lines of authority and responsibility must be in place. A corporate culture that reinforces the manufacturing strategy is also crucial as a cornerstone of the supporting structure. For a discussion of the integration among managerial processes, organizational structure, and corporate culture, see Hax and Majluf [1984b, Chapter 5] .
We include decisions on materials management, production planning, scheduling, and control as a part of the manufacturing infrastructure decision set. With respect to materials management, firms should consider the relative merits of classical production and inventory systems, materials requirements planning (MRP), and just-in-time (JIT) in designing a system to fit their needs.
Production planning and scheduling decisions are typically thought of as tactical, rather than strategic decisions. However, in the areas of aggregate production planning and delivery system design, strategic considerations must be evaluated. In aggregate planning, the firm must decide how to match productive capacity to variable demand over the medium-term (12 to 18 months) planning horizon. The choices are usually to hire or lay off workers, schedule overtime or undertime, increase or reduce the number of work shifts, or build up or run down seasonal inventories.
With respect to design of the delivery system, the principal decision is whether the system should produce to stock or produce to order. In a make-toorder shop, where flexibility is a crucial asset, the scheduling task is generally difficult, but the system responds readily to varying customer requirements. Make-to-stock shops are generally "under the gun" less often because they have finished goods inventories to buffer the production operation from customer demand. However, these operations tend to have significant finished goods holding costs. In many machine shops, where the number of possible products is extremely high, a make-to-stock system is not feasible.
Vendor Relations
There are two popular, but diametrically opposed, views on purchasing and vendor relations strategy -the competitive (Porter [1980] ) approach and the cooperative or Japanese (Schonberger [1982] ) approach. The competitive approach recommends the development of multiple sources for most or all materials inputs.
The idea is to have a number of firms that must compete among themselves to retain their supply contracts. Buyer-supplier relationships resemble spot contracting more than long-term contracting because suppliers can be dropped on short or no notice. Tapered integration is recommended as an additional threat to take business away from errant suppliers. All contracts are formal with many contingencies accounted for. Dependence on a supplier is to be avoided to as great a degree as possible.
The cooperative approach recommends developing long-term relationships based on mutual dependence and trust. Suppliers are given advice and training if their performance is unsatisfactory. Contracts are informal and contingencies are dealt with as they occur. Single sourcing is common.
The contrast between these two views is quite sharp. Each approach is practiced by successful firms. However, the recent trend in the U.S. seems to be toward trying the cooperative approach.
A Methodology for Structuring the Development of Manufacturing Strategy
The objective of this section is to describe briefly the methodology we propose for the development of the manufacturing strategy of a firm. Although we recognize that any such methodology should be tailor-made to accomodate the idiosyncrasies of a given firm, we find that there are enough common issues
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in the formulation of a manufacturing strategy that it is possible to generate a useful, general-purpose process to guide managerial thinking in this area.
Moreover, we desire to be as structured as possible in the specification of this methodology to allow managers to translate the basic concepts and principles of manufacturing strategy into pragmatic and concrete action programs.
The basic steps of the methodology we propose are summarized in Figure 4 .1.
Each step will be reviewed, with occasional presentation of some of the forms we use to facilitate the reporting of the results of a given step. Obviously, strategic planning is not a form-filling exercise and there are significant dangers in over-specifying the planning process with detailed forms. We use those forms judiciously and we include them in here simply to allow for a more explicit understanding of the objectives of each step of our methodology. 6. Develop manufacturing strategies and suggest allocation of product lines to plants or manufacturing units.
_ _

A Framework for Strategic Decision Making in Manufacturing
A foundation of a manufacturing strategy is the conceptual framework that organizes the thought processes of the managers involved in the articulation of that strategy-. The framework we use (which borrows heavily from Wheelwright [1984] ) consists of defining the nine major categories of manufacturing strategic decision making (discussed in Section 3) and identifying the four manufacturing performance measures to address the objectives of the manufacturing strategy (discussed in the early part of Section 2.2). This framework is briefly summarized in Figure 4 .2. -Quality (return rate, product reliability, cost and rate of field repairs, cost of quality)
-Flexibility (product substitutability, product options or variants, response to product or volume changes)
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Linking Business Strategies to Manufacturing Strategy
As we saw in Section 2, the strategic planning process is hierarchical in nature. First, the corporate level articulates the vision of the firm and its strategic posture; next, the business managers develop business strategies in consonance with the corporate thrusts and challenges; and finally, the functional managers provide the necessary functional strategic support.
It is important, therefore, to assure the proper linkage between the business strategies and the resulting manufacturing strategy. To accomplish this, we start by identifying the manufacturing requirements imposed by the set of broad action programs of each strategic business unit (SBU). 
Addressing the Issue of Product Grouping
One of the most difficult problems in manufacturing planning revolves around the issue of product grouping. Even in relatively small firms, one encounters an extraordinary proliferation of manufactured items. Since it is impossible and undesirable to deal with each item in isolation, one has to find ways to aggregate individual items into product groups. This step in our manufacturing strategy methodology sheds light on the question of aggregation: how to group product lines into strategically sensible product groups that share common attributes?
We attack this question through two different analytical devices. The first is the product-process life cycle matrix, originally proposed by Hayes and Wheelwright [1979] . This matrix, depicted in Figure 4 .6, positions each product line in a two-dimensional grid. (Hax and Majluf [1984b] , Chapter 9).
As depicted in Figure 4 .6, this evolution is displayed as a four-phase process initiated by low-volume, one-of-a-kind products, and culminating in highly standardized, commodity products. Similarly, the production processes used to manufacture these products travel through a corresponding evolution. The process evolution usually starts with highly flexible, but costly, job shop processes, and culminates with special purpose, highly automated manufacturing processes.
The matrix illustrated in Figure 4 .6 captures the interaction between product and process life cycles. For the purpose of our analysis it provides two useful insights. First, it can show which of the firm's product lines are similarly positioned within their product-process cycles. This generates obvious candidates to be members of homogeneous strategic groups. Second, and more important, it is useful for detecting the degree of congruency existing between a product structure and its "natural" process structure. The natural congruency exists when product lines fall in the diagonal of the product-process matrix.
A product line positioned outside the matrix diagonal could either by explained by inadequate managerial attention, or by concerted strategic actions seeking to depart from conventional competitive moves. (Utterback [1978] provides an excellent analysis of the matching characteristics of product and process as they evolve from a "fluid" to a more "specific" state. The second mechanism used to generate suggestions for product groupings is to identify families of product lines sharing similar competitive success requirements and product family missions. We recommend listing all of a firm's product lines, as indicated in Figure 4 .10, to search for product clusters with similar strategic performance characteristics and missions. Carrying out this task after the product-process life cycle matrix exercise tends to produce additional insights for grouping products. To detect the degree of focus at each plant of a firm, we decided to use again the product-process matrix. This time we prepare one matrix for each plant, positioning within the matrix every product line manufactured at that plant. The resulting plot allows us not only to judge the degree of focus of the plants, but also to examine the degree of consistency between the products and the processes employed to manufacture them.
The final diagnosis can be summarized in a form like that exhibited in 
Development of Manufacturing Strategies
The preceding analysis gives the necessary understanding of the basic issues involved in setting up a manufacturing strategy. The next step is to state strategic objectives, articulated through broad action programs, for each of the manufacturing strategic decision categories. Action programs may be targetted at one or more product groups. Figure 4 .12 is helpful for performing this task. Each broad action program has to be supported by a set of specific action programs that can be monitored easily and whose contributions are measurable.
OBJECTIVES
Thus, for each manufacturing decision category, we suggest spelling out the information pertaining to its corresponding specific action programs, as indicated in Figure 4 .13.
A final analysis to be performed is to consider the reallocation of products to plants, if the previous analysis of products and plants suggest such a change. Figure 4 .14 represents the summarized output of the productplant allocation exercise. The manufacturing function can be a formidable weapon to achieve competitive superiority. After a set of painful experiences in a wide range of industries, this is clearly understood by most American managers today. With this work,
we have attempted to provide a conceptual framework as well as a set of pragmatic methodological guidelines to design a manufacturing strategy for a business firm.
We recognize that different companies will pursue different paths to manufacturing strategy design. However, we have tried to capture in our framework and methodology the essential elements that must be considered by any firm attempting to design a manufacturing strategy.
